Up to 80 % of the Western female population experience premenstrual syndrome (PMS). Long-term pharmacological therapy is unacceptable to most women, and is not warranted for moderate symptoms. Nutritional therapies are popular, but lack a clear evidence base. Anecdotal evidence suggests beneficial effects of soy isoflavones because of their influence on endogenous oestrogen and actions on specific tissues. The effect of isolated soya protein (ISP) containing 68 mg/d (aglycone equivalents) soy isoflavones (IF) on premenstrual symptom severity was studied in a seven-menstrual cycle, double-blind, placebo-controlled, crossover intervention study in twenty-three women with prospectively confirmed PMS aged 18-35 years and BMI 19-30 kg/m 2 . ISP containing IF or milk protein placebo was consumed for two complete menstrual cycles. ISP containing IF (genistein, daidzein, equol) were measured in 24 h urine samples. After two cycles of ISP containing IF intervention, total symptoms (F (2,36) 8·20, P¼ 0·000) and physical symptoms (F (2,36) 8·18, P¼ 0·000) were significantly reduced compared with baseline after both active and placebo treatments, although differences between active and placebo treatment were non-significant. Specific premenstrual symptoms, headache (F (2,32) 4·10, P¼ 0·026) and breast tenderness (F (2,32) 4·59, P¼ 0·018), were reduced from baseline after soy IF, but not milk protein placebo. Cramps (F (2,32) 4·15, P¼0·025) and swelling (F (2,32) 4·64, P¼0·017) were significantly lower after active treatment compared with placebo. Concentrations of genistein and daidzein were increased following soy IF consumption, but equol production did not enhance symptom reduction. The present study showed that ISP containing IF may have potential to reduce specific premenstrual symptoms via non-classical actions.
Premenstrual syndrome (PMS) is characterised by a collection of behavioural, somatic and affective symptoms, which occur in the 7 -10 d prior to the onset of menstruation and are relieved at or shortly after commencement of menstrual flow. Prevalence is common, with between 30 and 80 % of Western premenopausal women reporting premenstrual symptoms (Singh et al. 1998) . Although more than 200 symptoms have been associated with PMS, common symptoms that classically characterise the syndrome include depression, irritability, mood swings, water retention-based symptoms (e.g. breast tenderness and bloating), changes in appetite and food cravings (Freeman, 2003) .
The aetiology of PMS is still not clearly defined (for review, see Halbreich, 2003) . Symptoms have been attributed to ovarian hormones, but there is little convincing evidence of biochemical differences between women with and without PMS (Rubinow, 1992) . The current consensus suggests that PMS is a psychoneuroendocrine phenomenon. Normal ovarian function, rather than hormone imbalance, acts as a trigger operating via the hypothalamic -pituitary-gonadol axis to influence neurotransmitter function in the central nervous system (Reid & Yen, 1981; Ashby et al. 1988; Rubinow & Schmidt, 1995; Walker, 1995; Steiner et al. 1997; Korzekwa & Steiner, 1999) . Ovarian suppression with agonists of gonadotrophin-releasing hormone has been shown to reduce symptoms (Muse et al. 1984) . It is therefore possible that PMS is triggered by hormone-related events. Psychological disturbances account for many symptoms of PMS, suggesting that peptides originating from the brain may be important mediators of symptoms. Hence, the serotonergic system is implicated in the aetiology of PMS. Long-term acceptability of pharmacological treatment is low, and for many women, symptoms are not severe enough to warrant long-term use of drug therapy. Hence, alternative therapies, such as supplementation with specific nutrients, are often sought by women. A number of nutrients have been recommended, including Ca, Mg, pyridoxine and g-linolenic acid. Overall, the quality of research examining the efficacy of such nutrients is questionable (e.g. inadequate participant numbers, poor or absent control groups, failure to correctly identify the premenstrual phase or adequately diagnose PMS) and the biological mechanisms of many nutrients have not been elucidated (for a review, see Bryant & Dye, 2004) . Consumption of phyto-oestrogens by women has been proposed to have beneficial effects by the popular press, but evidence is anecdotal.
Phyto-oestrogens may be effective at reducing some premenstrual symptoms because they have the ability to act as antioxidants, inhibit angiogenesis, facilitate neurobehavioural actions, and exhibit weak oestrogenic and anti-oestrogenic effects (Cassidy et al. 1994; Setchell & Cassidy, 1999; Lephart et al. 2001 Lephart et al. , 2003 . It is therefore plausible that phyto-oestrogens may reduce premenstrual symptoms by stabilising the natural cyclical fluctuation of oestrogen. However, it is important to acknowledge that the literature on the hormonal effects of isoflavones (IF) is not conclusive and there are some discrepancies in the literature (e.g. relating to optimal dosage of IF). Furthermore, some studies have shown an effect on hormones of soy intervention with IF removed (for a review, see Hill & Dye, 2003) .
In man, there are large inter-individual variations in the metabolism of IF, especially in the production of equol from daidzein (Rowland et al. 2003) . Equol is more oestrogenic than daidzein and is therefore believed to exert greater biological actions (Brienholt & Larsen, 1998) . Recent data suggest that the mechanism of action and effectiveness of soy in hormone-dependent studies is largely dependent upon equol production (Setchell et al. 2002) . Only about 30 % of adults are able to produce equol (Setchell et al. 1984; Rowland et al. 2000) . Thus, the clinical effectiveness of IF may relate to the ability to produce equol and changes in symptoms after consumption may well relate to individual variation in equol production.
Although IF have been shown to reduce cyclical mastalgia and menstrual migraines in a small number of studies (McFadyen et al. 2000; Burke et al. 2002; Ingram et al. 2002) , which is indicative of both a central and peripheral action of IF, to date there have been few clinical trials investigating the effectiveness of IF for PMS. There has been only one study, to date, which has examined the effect of soy IF on global symptoms of PMS. Preliminary findings from this study suggest that 40 mg/d soy IF can reduce premenstrual headaches and physical symptoms in women with PMS (Ishiwata et al. 2003) .
The primary aim of the present study was to determine whether isolated soya protein (ISP) containing IF were more beneficial than placebo in relieving symptoms of PMS in a seven-cycle randomised double-blind placebo-controlled crossover trial and to assess whether urinary excretion of phytoestrogens was related to the endpoint measures. The effectiveness of ISP containing IF was assessed by comparing symptom severities during the menstrual cycle in women consuming ISP containing 68 mg/d (aglycone weight) soy IF with symptomatology during two baseline and two placebo-treated cycles. Total symptom severity and severity of individual symptoms were examined in order to determine specificity of effects. ISP containing IF were also measured in urine to gauge compliance (genistein and daidzein) and to determine potential relationships between symptom change and equol production.
Methods

Experimental design
The study conformed to a double-blind, placebo-controlled, crossover design with two conditions of ISP containing 68 mg/d soy IF or an identical placebo product. Participants were assigned an identity number chronologically, based on when they volunteered to take part in the research. Twelve participants consumed the active soy IF and eleven consumed milk protein placebo during the first intervention period before crossover and the doubleblind nature of the study was maintained until the end of the study.
Active constituents. Food supplements consisted of a powder that could be made into a drink (or sprinkled over food) and a snack bar. One serving of powder and one bar were consumed each day, providing a total of 30·5 g ISP, containing 68 mg/d IF (aglycone equivalents; Solaee). These were formulated and produced to good manufacturing practice by Solaee to ensure standardised reproducible doses of ISP containing IF to guarantee quality control.
Placebo constituents. Placebo products were identical in appearance and taste to the active products, but contained milk protein instead of ISP. Both products were coded numerically to maintain blinding.
Product consumption. After two cycles of screening, participants were instructed to consume the products as part of their habitual diet for two menstrual cycles (active or placebo). In doing so, there was the potential for energy intake to increase by approximately 300 kcal/d in both the active and placebo groups. However, to avoid weight gain, participants were advised on how to incorporate the products into their diet. The first intervention phase (two menstrual cycles) was followed by one cycle of washout and then a further two cycles of either active treatment or placebo after crossover.
Outline of study protocol
Participants. Participants were recruited from within the local area by posters, fliers and email distribution advertisements. Inclusion criteria were: (1) presence of regular menstrual periods; (2) not using any hormonal preparations; (3) not taking over-thecounter preparations for PMS or any other condition; (4) not following a weight loss diet; (5) not suffering from depression other than premenstrually; (6) no intolerance, hypersensitivity or dislike to foods containing soya; (7) not pregnant, lactating or planning pregnancy; (8) no known diabetic condition or acute conditions of hepatic, renal, cardio, pulmonary, digestive, haematological, neurological or thyroidal disease. In total, 142 women volunteered to take part in the study. Fifty-one women aged 18 -35 years with a BMI 19 -30 kg/m 2 met the inclusion and exclusion criteria. Forty-one began two screening cycles and twenty-three went on to complete the seven-cycle intervention. All but one of the participants who dropped out stopped during the twocycle screening period. The main reasons for dropout were poor taste acceptability of the food products (participants were encouraged to try products before the intervention) and burden. Dropouts were experienced early in the study, so that intention to treat analysis could not be performed, since this was a post-randomisation loss and no data on the primary endpoints were obtained after loss to follow up. Here, we present data from twenty-three women who completed the entire study. Written consent was obtained from each individual and the study was approved by the ethics committee of the School of Psychology (University of Leeds) Table 1 according to treatment order. Age, BMI, subjective health and dietary restraint were similar between women taking placebo first compared with those taking active treatment first. Symptom measurements. There are no guidelines for quantifying the degree of severity or frequency of PMS (Freeman, 2003) . Nor is there a consensus for the diagnosis of clinically significant PMS. Thus, diagnosis should be based on marked fluctuations in symptoms. Because PMS is defined by the presence, severity and timing of symptoms, each of these factors should be considered (Schnurr, 1989) . For periods other than the premenstrual phase, symptoms should be sporadic and no different to those experienced by the rest of the population (Mortola, 1992) . Symptoms that are distressing must occur premenstrually and remit with menses. It is therefore essential that prospective measures are employed during the diagnosis and testing of intervention studies. In the present study, symptoms were measured daily from the first day of menstruation in cycle one through to the first day of menstruation in cycle eight using the Penn Daily Symptoms Rating (DSR; Freeman et al. 1996) . This is a validated, single-page, self-report questionnaire in which seventeen symptoms are rated on a five-point Likert scale (0 ¼ not present at all, 4 ¼ severe). Freeman et al. (1996) grouped symptoms into the sub-clusters of: mood (irritability, mood, tension, anxiety, depression, loss of control), behaviour (poor coordination, confusion, insomnia, crying, fatigue, headaches), pain (breast tenderness, cramps, aches) and physical symptoms (food cravings, swelling). Analysis of symptoms in the present study considers these clusters, as well as the individual symptoms that comprise them. Participants were asked to rate the presence and severity of these commonly reported premenstrual symptoms every evening in the DSR, which was provided in the form of a daily diary covering 1 week. Diaries were returned weekly using freepost envelopes to prevent the identification of patterns of symptoms and reduce the likelihood of demand characteristics producing stereotypical patterns of reporting. This measure was used to diagnose PMS and assess symptom severity (during the intervention). In order for participants to be eligible, they were required to demonstrate an increase in overall symptoms that was at least 30 % greater premenstrually (6 d before menstruation) than during days 5 -10 of the menstrual cycle (after menstruation) for at least one of two screening months based on recommendations from the National Institute of Mental Health (1983) workshop.
Metabolism of soy isoflavones. Each participant collected four 24 h urine samples during the premenstrual phase of each intervention treatment cycle (two during active and two during placebo) to examine individual differences in metabolism following the intervention, and as a measure of compliance to the dietary protocol. Genistein (mg/d), daidzein (mg/d) and equol (mg/d) were measured in the samples using monoclonal antibody-based Auto dissociation enhanced lanthanide fluoro immunoassay) (Delfia) assay technology. Delfia assays are commonly ten times more sensitive than conventional enzyme immunoassays. The monoclonal antibodies to genistein and equol were the property of Unilever and the daidzein monoclonal was obtained from Fortune Kohen, Weizmann Institute. The laboratory implemented its own internal quality control procedures by determination of assay coefficients of variance. Plates were repeated if they did not meet the low, medium and high quality control pass/fail criteria. Individual samples were repeated if the coefficient of precision was about 10 %. All of the assays were run in duplicates and averaged. Assays were validated against published BC-MS (Adlercreutz, Helsinki) and commercial (Labmaster) polyclonal Delfia methods.
Statistical analysis
Data were analysed using the SPSS for Windows (version 11; SPSS Inc., Chicago, IL, USA) statistical software package.
The effect of the intervention was examined using 3 £ 2 £ 4 doubly multivariate ANOVA (MANOVA). The MANOVA comprised three factors: treatment with three levels (baseline, soy IF and placebo); cycle with two levels (first and second cycle of each treatment); cycle phase with four levels (during menstruation, after menstruation, rest of cycle and premenstrual). Analysis was performed separately for total symptoms and for each group of symptoms that comprised a symptom cluster (i.e. five tests: total; mood; behaviour; pain; physical). This technique is appropriate for the analysis of repeated measures designs, which include multiple dependent variables. It protects against elevated family-wise error rates associated with repeated univariate testing (Tabachnick & Fidell, 1996) . A significant multivariate F for the symptom cluster is required in order to consider the effects of intervention on individual symptoms that comprised that cluster. However, because this is an exploratory study and because the likelihood of systematic effects producing a significant multivariate F is dependent on the robustness of the factor structure of the DSR, significant univariate results for specific symptoms are also cautiously described. Post hoc comparisons using Bonferroni correction that employed to examine significant effects of treatment, cycle, phase or interactions of these independent variables.
Further statistical analysis considered the second cycle of intervention only. Placebo effects can be strong in the first cycle of intervention and quite resistant in PMS (Freeman & Rickels, 1999) but should begin to decline to baseline as the study continues. Furthermore, repeated exposure to soy may be required to reach steady concentrations or affect receptor sensitivity, although to date, evidence for the time to affect cyclical symptoms is not available. This study comprised two cycles of intervention, and it was hypothesised that effects should be greater in the second cycle for these reasons. Therefore, separate MANOVA were performed, examining total symptoms and symptom clusters in the second cycle only. Each had a between-subjects factor of 'treatment' (baseline, second cycle soy IF, second cycle placebo).
Pearson's product moment correlation coefficients were performed to examine the relationship between initial premenstrual symptom severity and symptom change after treatment for placebo and active interventions. Differences between the correlation coefficients for active and placebo treatments were tested using Fisher-r tests to examine the difference between two independent correlation coefficients, based on procedures outlined by Cohen & Cohen (1983) . Doubly MANOVA were conducted to examine the effect of intervention on the level of genistein and daidzein, with 'treatment' as a within-subjects factor (active/placebo). For equol, a MANOVA was performed to investigate whether equol and non-equol producers differ in their reported change in symptom severity after intervention. Equol production was therefore included as a between-subjects factor.
Results
Compliance
Excretion of genistein and daidzein increased following active treatment but not placebo (daidzein: F (1,7) 43·05, P¼ 0·001; genistein: F (1,7) 26·4, P¼0·002), indicative of adherence to the regimen, although a high degree of inter-individual variation was observed (Table 5 ; see p. 735).
Baseline symptoms
Mean total severity baseline scores during four phases of the menstrual cycle are shown in Table 2 according to the order in which active or placebo treatments were administered. Baseline scores did not differ according to treatment order, except for the phase after menstruation, when those receiving placebo first had lower symptoms (F (2,36) 7·8, P , 0·05). Significant cycle phase effects were observed (F (3,66) 19·22, P , 0·001) such that cyclicity was demonstrated, with symptoms reported to be most severe during the premenstrual phase of the cycle.
Effect of intervention on total symptoms
Mean premenstrual total symptom scores for the first and second cycles of active and placebo interventions are shown in Table 3 . Total symptoms were reduced compared with baseline following both active and placebo treatments (multivariate F (10,50) 2·45, P¼0·018). Reductions (change from baseline) in symptoms are shown in Fig. 1 according to menstrual cycle phase. Overall symptom reduction was greater following active treatment compared with placebo during the premenstrual phase and a significant treatment by phase interaction was observed (multivariate F (6,84) 2·75, P¼0·017). However, main effects between treatment were non-significant. Observed power for these effects (treatment, phase and treatment by phase interaction) were 0·99, 1·00 and 1·00, respectively (i.e. sufficient post hoc power was demonstrated). When treatment order was included as a between-subjects factor, it had no effect on change in premenstrual symptoms between baseline and intervention (multivariate F (2,20) 0·72, NS).
Effect of treatment on symptoms in the second cycle of intervention
The main effect of treatment on premenstrual symptomatology in the second cycle of intervention was highly significant (multivariate F (10,66) 5·52, P¼0·0010).
Step-down univariate analysis revealed significant reductions from baseline in symptoms after both active and placebo interventions for total premenstrual symptoms (multivariate F (2,36) 8·20, P¼ 0·000) and premenstrual symptoms in each of the symptom clusters; mood (multivariate F (2,36) 15·91, P¼ 0·000), behaviour (multivariate F (2,36) 24·48 P, 0·01), pain (multivariate F (2,36) 16·11, P¼ 0·000) and physical symptoms (multivariate F (2,36) 8·18, P¼ 0·000). Pairwise comparisons revealed that significant reductions in premenstrual symptoms occurred between baseline and soy IF treatment for total symptoms and all symptom clusters. However, placebo treatment reduced reports on the symptom clusters mood, behaviour and pain, but not total symptoms or physical symptoms. The difference in symptom scores between active and placebo treatments was non-significant for total symptoms and all symptom clusters, although significance was approached in the physical symptoms cluster (Fig. 2) .
Effect of intervention on individual premenstrual symptoms in the second treatment cycle
Main effects of treatment were observed for headache (F (2,32) 4·10, P¼0·026) and breast tenderness (F (2,32) 4·59, P¼0·018). These were significantly reduced from baseline after active treatment, but not after placebo. However, the differences between active and placebo treatments were non-significant. Conversely, there was a significant main effect of treatment on cramps *P , 0·01; **P , 0·001; ***P , 0·0001 (significant reduction from baseline).
(F (2,32) 4·15, P¼ 0·025) and swelling (F (2,32) 4·64, P¼ 0·017), which improved more after active treatment compared with placebo, although reductions from baseline were non-significant. There were no effects of treatment on any other individual symptoms.
Relationship between initial premenstrual symptom severity and symptom change after treatment for placebo and active interventions A significant positive correlation between mean premenstrual symptom score at baseline and symptom change from baseline to active treatment was found for total premenstrual symptoms (r 4·45, n 23, P¼ 0·032) but not for placebo treatment (r 0·17, n 23, P¼0·432). Results for physical symptoms were similar; a significant positive correlation was only observed between baseline symptomatology and change in physical symptoms after active treatment (r 0·56, n 23, P¼ 0·005). Thus, a higher initial severity of total and physical premenstrual symptoms was found to relate to a greater reduction in these symptoms after active treatment. Change in score on the mood, behaviour and pain symptom clusters was significantly related to mean baseline premenstrual symptoms, following both active and placebo treatments (Table 4) . The strength of the correlations appears greater following active treatment compared with placebo. However, Fisher-r tests revealed no significant differences between the correlation coefficients for active and placebo treatments for total symptoms or any symptom clusters. Thus, the strength of the relationships between initial premenstrual symptom severity and change in symptoms after treatment did not differ for active and placebo treatments.
Influence of intervention on menstrual cycle length
Cycle length was significantly increased between baseline and active, but not baseline and placebo treatment ( Fig. 3 ; F (2,38) 3·75, P , 0·05).
Metabolism of isolated soya proteins with isoflavones
In total, six of the twenty-three participants (26 %) were equol producers (Table 6 ). Symptom reports did not differ between equol and non-equol producers for any symptom cluster (multivariate F (18,1) 0·58, P¼ 0·793). However, there was a trend for a greater reduction in total and physical symptoms in the equol producers compared with the non-equol producers during the premenstrual phase of the cycle.
Discussion
Consumption of ISP containing 68 mg soy IF (aglycone equivalents) resulted in reductions to some premenstrual symptoms and altered menstrual cycle length. However, reductions in most symptoms relative to baseline were observed after both active and placebo treatments. Thus, the effect of placebo in the present 2-month treatment intervention study remained strong. Physical symptoms seemed to be most responsive to ISP in this small sample. Here, the difference between active and placebo treatments approached significance. Headache and breast tenderness *P,0·05; **P,0·01; ***P,0·001.
symptoms were significantly reduced from baseline after active treatment, but not placebo. However, the interpretation of this effect must be tempered against the enduring placebo effects observed. Thus, in order for any specific treatment to be considered effective, benefits should be clearly demonstrated and significantly different from a placebo response. This was observed in the present study in terms of individual symptoms of cramps and swelling only. These symptoms are less vulnerable to psychological influences. Somatic symptoms are more resistant to placebo effects than mood and behavioural symptoms, which are more likely to be affected by subjective expectations (Freeman, 2003) .
Comparisons of the change in symptoms observed in the present study with other PMS treatment studies are difficult because of the variety of tools that are used to assess PMS and the often retrospective reporting procedure. The scores themselves pertain to the measure used, due to considerable differences in the nature and number of symptoms in instruments (Freeman, 2003) . Moreover, there are no widely accepted biological markers of PMS, so responses to treatment must be based on subjective reports. Coupled with this, there is high variation in symptom reports and these are not necessarily comparable between women. Furthermore, non-significant reductions in symptoms may not necessarily imply that they are not clinically important. Even small improvements may be clinically relevant to individuals.
The benefits of daily ISP containing IF consumption on physical symptoms have been reported previously (McFadyen et al. 2000; Ingram et al. 2002) . The present study extends these findings by demonstrating that initial severity of symptoms is a mediating factor, such that women whose initial symptom severity is high experience a greater reduction in symptoms. This could be a statistical effect such as regression to the mean, although this is unlikely since the effect should be similar for both active and placebo responses and should interact with order of treatment. Alternatively, there is greater potential for change if initial symptom severity is high and lower probability of floor or ceiling effects. The similarity between findings of the present study and those of Ishiwata et al. (2003) are striking, in that both demonstrate a clear reduction primarily in symptoms of a somatic nature. This consistency between findings suggests a robust effect of ISP containing IF on somatic symptoms.
Placebo effects are common in psychosomatic conditions. PMS has been suggested to be particularly vulnerable to placebo effects, where most responses observed in the first cycle of intervention are created by a desire to improve symptoms felt by participants who believe that what they are taking is having an effect (Freeman & Rickels, 1999) . Thus, the magnitude of the placebo Fig. 3 . Effect of soy isoflavones on menstrual cycle length. *P, 0·05. Table 6 . Symptom change between screening and active treatments according to equol production* (Mean values with their standard deviations)
* High negative value indicates greater symptom reduction. † Reduced due to missing or incomplete 24 h urine data. effect was partly anticipated in the present study, although it was not possible to continue the study beyond two cycles per condition. In spite of the strict double-blind procedure and identical products, the response to placebo was substantial and was greater in the first cycle. Statistical analysis, which included both cycles and all cycle phases, did not find reductions in symptoms following soy IF that were significantly distinct from placebo. However, closer examination showed that the pattern of response between active and placebo treatments did differ. Whereas symptoms continued to fall in the second cycle of treatment after ISP containing IF, they were increased from the first to the second cycle of treatment with placebo, which suggests that the placebo effect in the current study was endured for at least 1 month. The exact period of time required to overcome a placebo response in relation to PMS is not well established. Some studies report non-specific effects for up to 4 months (Freeman & Rickels, 1999) . The separation of ISP containing IF and placebo, which was apparent in the current study, ISP containing might become clearer with further cycles of intervention and this should be examined in future studies. Focused statistical analysis on the second cycle of intervention to allow potential placebo effects to decline did provide suggestive evidence of a beneficial effect of soy IF on physical symptoms, although differences between active and placebo treatments remained non-significant. This could also indicate that the physiological effects of soy IF require two or more cycles of intervention for receptor sensitivity to increase rather than for placebo effects to decrease. Since there have been no studies that examine the biological effects of soy IF on symptoms across the menstrual cycle, this proposition requires investigation.
No clear mechanism has yet been proposed to explain how soy IF could reduce the symptoms of PMS. It can be postulated that the biological actions of soy IF reduce symptoms that are mediated by oestrogens or oestrogen receptors. Specifically, soy IF exert effects on oestrogen receptors and when endogenous concentrations are high (i.e. in premenopausal women) the weak oestrogenic nature of the soy IF results in anti-oestrogenic responses (Cassidy et al. 1994) . Conversely, when endogenous oestrogens are limited (i.e. in postmenopausal women) soy IF appear to exert oestrogenic effects. These effects are also likely to occur in a similar fashion during the menstrual cycle, where the effect of soy IF will depend upon the circulating concentrations of oestrogen that fluctuate throughout the menstrual cycle (Cassidy et al. 1995; Hill & Dye, 2003) . Thus, ISP containing IF may exert an oestrogenic effect during the follicular phase (i.e. when oestrogen is low) and potentially an anti-oestrogenic effect in the luteal phase. In theory, soy IF may act to reduce premenstrual symptoms by stabilising natural cyclical fluctuations of oestrogen. Whilst hormonal profiles of women with PMS do not differ to those without PMS (Rubinow, 1992) , interruption of the menstrual cycle (e.g. by ovariectomy) influences premenstrual symptoms and treatment with gonadotrophin-releasing hormone agonists that suppress ovulation can be effective in reducing PMS (Pearlstein & Steiner, 2000) . These data support the theory that women with PMS react differently to normal cyclical fluctuations in sex hormones such as oestrogen via an as yet unknown mechanism purported to involve the hypothalamic -pituitary-gonadol axis, which influences neurotransmitter function in the central nervous system (Reid & Yen, 1981; Ashby et al. 1988; Rubinow & Schmidt, 1995; Walker, 1995; Mortola, 1996; Steiner et al. 1997; Korzekwa & Steiner, 1999) .
It is possible that soy IF effects are mediated through other non-classical mechanisms. For example, IF have a higher affinity for oestrogenb receptors (Kuiper et al. 1996) , which are found in the brain, bone, bladder and vascular epithelia (Cassidy & Foughnan, 2000) . It could be speculated that this relates more closely to reduction of specific symptoms. Alterations to cycle length with soy IF could have mediated symptom improvement. This has been demonstrated previously and relates to an elongation of the follicular phase only (Cassidy et al. 1994) , although not all studies demonstrate cycle length alterations after soy consumption (Kurzer, 2002) . Thus, increasing menstrual cycle length, specifically as a result of an increase in follicular phase length, may be beneficial in lowering symptoms as it reduces the overall exposure to oestrogen. Further studies using daily urine collections and symptom reporting are needed to confirm this.
Results of the present study were vulnerable to the influence of compliance, as most measures were made in a free-living environment. Participants were asked to consume ISP containing IF whilst avoiding all other foods containing phytoestrogens where possible. Analysis of urine samples collected during each intervention cycle revealed that levels of genistein and daidzein were increased only after active treatment, providing good evidence of compliance. However, completeness of urine collection could not be confirmed without a measure of p-aminobenzoic acid, although this is itself subject to interference and variation.
A high level of variation in genistein and daidzein was observed, due to individual variation in the metabolism of ISP containing IF, for instance, because of equol production. High variability in the excretion of soy IF metabolites is related mainly to gut microflora and dietary factors (Mallett & Rowland, 1988; Wu et al. 2000; Setchell et al. 2002) . Equol is a metabolite of ISP containing IF produced in the gastrointestinal tract by bacterial degradation of daidzein. Although evidence is not conclusive, variation is presumed to be caused by inter-individual differences in colonic bacteria (Setchell & Cassidy, 1999) . The clinical effectiveness of ISP containing IF may be dependent upon equol production, as it is believed to elicit greater biological reaction than other metabolites. In the present study, equol excretion did not differ between baseline and active treatments. This was anticipated, given the fact that up to 70 % of the population are not able to produce notable amounts of equol (Xu et al. 1998) . Amongst the twenty-three women in the present study, seventeen produced only trace amounts of equol and the influence of the six equol producers was not great enough to produce an overall change in equol after treatment. Moreover, comparisons between equol and non-equol producers revealed that symptom change was no different between these groups. It is presumed that this related to the small sample of equol producers in the study, although other unknown mechanisms cannot be ruled out. Thus, although this indicates that equol production may be unrelated to symptom change, this cannot be confirmed in the present study.
A further limitation of this study design relates to the high level of participant withdrawal during screening. The main reasons provided by participants were that the study protocol would be too demanding and the food supplement was disliked. Women were asked to record symptoms every day for a seven-cycle period, in addition to providing four 24 h urine samples. They were also asked to change their usual diets to accommodate the addition of soy products, and consumption of these produced aversive reaction in some participants. These issues were considered during protocol design, but a weaker between-subjects design for a shorter period was rejected, since this would require greater numbers of participants in each treatment condition and have lower power overall. The soy food product chosen had high quality control and confirmed reliable IF levels. The product was clinically produced according to good manufacturing practice and more reliable for research purposes than commercially available products. Whilst this enhanced quality control, it (and the extended duration of the study) resulted in inevitable losses of potential participants who disliked its taste or found the demands of the study too great. Future research should consider these limitations and improve clinical products to enhance its acceptability. The level of dropout experienced at an early stage in the study meant that intention to treat analysis could not be performed since post-randomisation loss meant that no primary endpoint measures were obtained on those women who failed to complete the study. It is also possible that the results were biased by the loss of participants, which may have disrupted the baseline equivalences established during the group assignment to treatment order. To account for this, baseline data are only reported for participants who fully completed the study protocol.
In conclusion, the present study has supported previous findings that ISP containing IF has some potential to treat premenstrual symptoms. Although total symptom severity was not improved significantly compared with placebo treatment, improvement of symptomatology related to somatic symptoms of swelling, headache, aches and breast tenderness was noted. It is unclear whether ISP containing IF exert a specific effect on somatic symptoms, or whether reductions in psychological symptoms are clouded by the strong placebo effect. Further research should therefore intervene for periods long enough to allow a return to baseline with reduced placebo effect. Additional studies are needed to corroborate these findings to determine the precise mechanism by which ISP containing IF exerts its actions and to assess the most effective dose and duration required.
